INTRODUCTION {#sec1-1}
============

Sarcoidosis is multi-organ granulomatous disease of unknown etiology which affects mostly young males and females. The pulmonary and the mediastinal lymph node involvement by sarcoidosis is seen in approximately 90% and 85% cases, respectively.\[[@ref1]\] An essential part of the diagnosis of sarcoidosis is the exclusion of alternative possibilities. Granulomas can be seen in a range of diseases including infection (*Mycobacterium tuberculosis*, *Mycobacteria avium* intracellulare, fungi), reaction to metals/minerals as berylliosis, aluminum and talc, hypersensitivity pneumonitis Wegener granulomatosis. Differentiation of sarcoidosis from tuberculosis is challenging especially in those regions where incidence of tuberculosis is high. Occasionally, the clinico-radiologic features of the two are overlapping.\[[@ref2]\] Several tests are recommended in the initial evaluation of sarcoidosis as a routine procedure for all patients \[[Table 1](#T1){ref-type="table"}\].\[[@ref3]\] There is no specific confirmatory test for the diagnosis of sarcoidosis but it can be greatly substantiated by combination of compatible clinical and radiological picture together with the pathologic evidence of typical noncaseating epithelioid cell granulomas in the absence of organisms.\[[@ref4]\]

###### 

Recommended tests for initial evaluation of sarcoidosis

![](CJ-11-31-g001)

The diagnostic approach to pulmonary sarcoidosis has traditionally been transbronchial lung biopsy (TBLB)\[[@ref5]\] with a diagnostic yield highly variable and operator dependent ranging from 32% to 100% for stage I (bilateral hilar lymphadenopathy without lung infiltrate)\[[@ref6]\] and 63--100% in stage II (hilar lymphadenopathy with lung infiltrates on a chest radiograph).\[[@ref7]\] However, TBLB can be associated with complications such as pneumothorax and bleeding. If this procedure is unsuccessful in obtaining a tissue diagnosis, more invasive surgical techniques have to be used, including mediastinoscopy, video assisted thoracoscopy surgery, and open lung biopsy.

These procedures have a diagnostic yield approaching 90%, but the drawback it requires general anesthesia, inpatient hospital stay, and associated with morbidity and mortality.\[[@ref8][@ref9]\]

Endoscopic ultrasound-guided transbronchial fine-needle aspiration (EBUS-TFNA) is a minimally invasive technique for the diagnosis of mediastinal lymphadenopathy. Although most studies have reported the utility of EBUS-TFNA in malignancy, its use has been extended to the benign conditions as well. Use of the on-site evaluation of the adequacy of the specimens has improved the sensitivity of this procedure by increasing the rate of adequate specimens.\[[@ref10][@ref11]\] Shidham\'s method can be applied to the remaining cytology specimen to improve the quality of diagnostic material in cell block sections.\[[@ref12]\] Recently, it has been used as a diagnostic tool in pulmonary sarcoidosis with yields similar to those of TBLB.\[[@ref13]\] This technique has substantially changed the clinical approach to patients with suspected sarcoidosis. It has emerged as an accurate, minimally invasive, safe technique, and sensitive method with the diagnostic yield \> 82% in detecting noncaseating granulomas in the cytological smears of patients with a suspicion of pulmonary sarcoidosis.\[[@ref14][@ref15]\]

We undertook this present study through a retrospective review of EBUS-TFNA cytology samples obtained from the patients with suspected pulmonary sarcoidosis, to assess and evaluate the diagnostic yield and utility of this procedure for the detection and demonstration of noncaseating granulomas.

PATIENTS AND METHODS {#sec1-2}
====================

Study design {#sec2-1}
------------

At King Khalid University Hospital, Riyadh, EBUS-TFNA is often used as the diagnostic test of choice to confirm noncaseating granulomas in patients with suspected sarcoidosis. In the present study, 19 patients who underwent EBUS-TFNA between May 2010 and December 2013, for suspected sarcoidosis (with enlarged \[\>1 cm\] hilar or mediastinal lymph nodes on chest computed tomography \[CT\]), were included in this study and were clinically and radiologically followed.

Method {#sec2-2}
------

Endoscopic ultrasound-guided transbronchial fine-needle aspiration was conducted by one experienced pulmonologist in the bronchoscopy suite on all the suspected sarcoidosis patients with mediastinal lymphadenopathy based on chest CT. These patients understood the procedure required to establish the diagnosis, and written informed consent was obtained from all the participants. Local anesthesia with mild conscious sedation was used for the procedure.

Endobronchial ultrasonography was performed using fiberoptic ultrasound bronchoscope with a linear scanning probe (BF-UC260FW, Olympus Medical System, Tokyo, Japan). A dedicated ultrasound scanner (ALOKA SSD-Alpha 10, ALOKA Ultrasound System, Japan) was used for image processing. Targeted lymph node was sequentially sampled with a dedicated 21-gauge needle (NA-201SX-4021, Olympus Medical System, Tokyo, Japan).

Smears were made at the bedside in the bronchoscopy suite.

### Preparation of smears {#sec3-1}

The aspirated material from the needle was expelled onto glass slides by the operating bronchoscopist and smeared by a cytotechnologist. About 2--4 slides were prepared from each pass, taking care that any clotted material is preserved for cell block. Air-dried (for Diff quick staining), and fixed smears (fixed immediately in 95% ethyl alcohol for subsequent Papanicolaou staining) were prepared in an almost equal ratio with more emphasis on fixed smears. Pass number (indicating a specific site of collection) was marked on each slide and site of collection of each pass was noted on a separate paper.

One or two representative of the air-dried smears from each pass were immediately stained with rapid Romanowsky (Diff Quick stain from Shandon) and examined under microscope for specimen adequacy assessment, preliminary diagnostic interpretation if necessary and to suggest additional studies if indicated.

Additional material was collected for ancillary studies polymerase chain reaction (PCR) and was preserved in normal saline (for microbiology). Material collected for cell block was grossly examined before the end of the procedure, and if the collected material was still not enough to make a good cell block, an additional pass was dedicated to cell block only.

Cytology request form was completed by the consultant bronchoscopist, including the details of the procedure and site of specimen for each pass.

Number of fixed and air-dried slides and description of any other material being sent to the laboratory was noted on the request form. Sample was transported to the laboratory as early as possible and processed for staining of remaining slides, preparation of the cell block.

### Preparation of the cell block {#sec3-2}

Remaining sediment including any clotted material was fixed immediately in cell block fixative (10% alcohol formalin), centrifuged and material transferred to a histology embedding the cassette, and processed for routine histological examination using standard techniques.

### Microscopy {#sec3-3}

All smears and cell block sections were reviewed by experienced cytopathologist (Dr. ER). The aspirates were considered to be representative if noncaseating granulomas or nodal lymphoid tissue were found, or if the aspirate contained other cellular material that resulted in a specific diagnosis.

Granulomas are defined by loose collections of epithelioid or spindle cell histiocytes with lymphocytes, necrotic material and neutrophils. In sarcoidosis, numerous granulomas can be seen in cytological samples without evidence of necrosis \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. It is important to exclude local sarcoid-like reactions and infective causes.

![Noncaseating granuloma, smear shows well-defined and compact collection of epithelioid histiocytes with no evidence of necrosis (Diff Quick stain, ×200)](CJ-11-31-g002){#F1}

![Granuloma, high power view, smear, well-delineated aggregate of epithelioid histiocytes reveal ill-defined cell borders, vesicular and elongated nuclei with few lymphocytes (Papanicolau stain, ×500)](CJ-11-31-g003){#F2}

In cases with subsequent trans-bronchial core biopsy, tissues were fixed in 10% formalin and thin histologic sections were cut from paraffin-embedded tissue blocks followed by H and E staining. A review of all available histologic slides was performed and correlated with the respective cytologic diagnoses.

Data analysis {#sec2-3}
-------------

In all the patients, the diagnosis of sarcoidosis was suspected based on the clinical and radiological findings. The final diagnosis was established based on lymph node aspirate by EBUS-TFNA cytology reveling noncaseating epithelioid cell granulomas, clinical and radiological follow-up, and histology in those cases where mediastinoscopy was performed. The sensitivity of EBUS-TFNA for the assessment of non-caseating granulomas was calculated as the number of patients in whom EBUS demonstrated granulomas as a proportion of the total of patients with a final diagnosis of sarcoidosis.

RESULTS {#sec1-3}
=======

Data from 19 consecutive patients with suspected sarcoidosis who underwent EBUS-TFNA were analyzed. Eleven patients were male, and eight were female and the median age for all patients was 50 years (range 31--78 years).

In total, 23 lymph nodes were sampled from 19 patients by EBUS-TFNA. The subcarinal lymph node was most frequently sampled (11/23, 48%) followed by para-tracheal lymph nodes (6/23, 26%). About 13 out of 19 cases (68.4%) had simultaneous bronchial lavage; all of them were reported as inflammatory smears and were negative for malignancy.

Cell block was available for 12 samples, whereas cytology slides were available for all the samples. Out of these 19 patients, tuberculosis culture was done in 15 cases (83%). The sample was sent for PCR and fungal culture in 12 cases (63%) each, the results of which were negative in all the cases. By EBUS-TFNA cytology, granulomas were identified in 16 out of 19 patients (84.2%).

Sixteen cases (84.2%) of 19 cases had corresponding tissue biopsy. Eleven patient underwent trans bronchial biopsy, two cases had both transbronchial and endobronchial biopsy, two cases had both transbronchial and mediastinal trucut lymph node biopsy, one case had only mediastinal lymph node trucut biopsy, and one case had only endobronchial biopsy. The results are summarized in [Table 2](#T2){ref-type="table"}.

###### 

Comparison of diagnostic accuracy between procedures

![](CJ-11-31-g004)

On histology, granulomas were identified in 13 cases (87%), of these; 9 cases (69%) were noncaseating granulomas. When the histological diagnosis was taken as the gold standard, the sensitivity of EBUS-TFNA was 84.2% and specificity 100% with the positive predictive value (PPV) of 100 and negative predictive value (NPV) of 25%. The combined diagnostic sensitivity of EBUS-TFNA and TBLB was 100%.

DISCUSSION {#sec1-4}
==========

Until now; TBLB and bronchoscopic transbronchial needle aspiration (TBNA) have been the primary procedures to diagnose sarcoidosis with yields of 76--91%\[[@ref16]\] and 62--87%\[[@ref17]\] respectively. However, both procedures are performed blindly because the targeted lymph node or lung lesion are not visualized during biopsy or fine-needle aspiration.\[[@ref18]\] Instead, aspiration is guided only by knowledge from prior CT imaging and consequently, the technique is considered difficult.\[[@ref19]\]

If the lesion still remains undiagnosed, patients are often referred for more invasive procedures such as mediastinoscopy, thoracoscopy or even thoracotomy which carry a small but definite risk to the patient, and they are costly.\[[@ref18]\]

Endoscopic ultrasound is a relatively new diagnostic modality which is less invasive, with real-time ultrasound imaging of the target which allows for a quick and reproducible diagnostic examination which is also easy to perform. It is less expensive than more invasive procedures because it allows investigation in an outpatient setting. In addition, it is associated with \<1% significant bleeding or pneumothorax.\[[@ref20][@ref21]\]

Endoscopic ultrasound-guided transbronchial fine-needle aspiration was introduced in recent years to the Pulmonology department in our hospital as a new modality to diagnose and stage lung cancer and to evaluate mediastinal diseases. In a previous study from our institution, which included a total of 80 EBUS-TFNA specimens, we demonstrated that in approximately 78.75% (63 out of 80) patients with mediastinal mass/lesions, valid diagnosis in general can be reached in a minimally invasive manner by EBUS-TFNA.\[[@ref22]\] The present study demonstrate that in patients with a high pretest probability of sarcoidosis, this procedure was able to establish the diagnosis in 84.2% of patients. Although, the sample size of our study was relatively small, the diagnostic yield was 83--91% in agreement with authors who had used EBUS among patients with suspected sarcoidosis.\[[@ref23][@ref24][@ref25][@ref26][@ref27]\]

Data from our study confirm the results of the preliminary study by Annema *et al*.\[[@ref14]\] (*n* = 51), where EBUS-TFNA demonstrated noncaseating granulomas in 82% of the patients with a suspected sarcoidosis stage I or II. Furthermore, the study published by Plit *et al*.\[[@ref28]\] concluded that in patients with a high pretest probability of sarcoidosis, EBUS-TBNA had a high diagnostic accuracy of 84% for all stages, 80% for stage I and 86% for stage 2 disease which appeared similar to TBLB.

In a study by Fritscher-Ravens *et al*. \[[@ref29]\] (*n* = 19 patients), they found a sensitivity and specificity of EBUS-TFNA in diagnosing sarcoidosis of 100% and 94%, respectively. Costabel *et al*.\[[@ref30]\] reported EBUS-TBNA as a safe and useful tool for diagnosing the sarcoidosis stage I and II with a sensitivity of 83--93% and a specificity of 100%. The somewhat lower yield found in the current study cohort might be due to large number of patients with sarcoidosis stage II who tend to have more fibrotic LNs compared with stage I. In these particular cases with extensive fibrosis, EUS-FNA did not provide representative material.

Our TFNA diagnostic yield is lower than that reported by Nakajima *et al*.\[[@ref7]\] who recently reported a diagnostic yield for EBUS-TFNA for all stages of 91.4%.\[[@ref9]\] This can be partially explained by their cytological diagnostic criteria for sarcoidosis from aspirated lymph nodes which included the presence of epithelioid cells without granuloma formation which was reported in more than half their cases.

Agarwal *et al*.\[[@ref31]\] did the meta-analysis of 15 studies that were published across the globe (553 patients of sarcoidosis) and concluded that the diagnostic yield of EBUS-TBNA ranged from 54% to 93% with the pooled diagnostic accuracy being 79% by the random effects model. The yield was not statistically different in studies employing on-site cytological evaluation (80.1%) versus those without (81.3%). However, the diagnostic yield was significantly higher in prospective studies (83.9%) as compared to the retrospective studies (74.3%).

CONCLUSION {#sec1-5}
==========

Endoscopic ultrasound-guided transbronchial fine-needle aspiration is the minimally invasive, cost-effective, accurate, safe, and promising technique in identifying the granulomas and thus helps in supporting the diagnosis of mediastinal mass/lesions. It is, usually, performed under local anesthesia, using conscious sedation in an outpatient setting. Its sensitivity for identifying granulomas, hence supporting the diagnosis of sarcoidosis in our study was 84.2% and specificity 100% with the PPV of 100 and NPV of 25%, thus having a high diagnostic yield. However, the optimum use of EBUS-TFNA for reaching the confirmed diagnosis of sarcoidosis depends on the effective collaboration between the cytotechnologist, pathologist, and the bronchoscopist.
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